Given the widespread adoption and technical possibilities of mobile technology, mobile health apps could be potentially effective tools to intervene in people's daily routines and stimulate physical activity. Self-determination theory and the motivational technology model both suggest that mobile technology can promote health behaviour change by allowing users to customize their online experience when using mobile health apps. However, we know very little about why and for whom customization is most effective. Using a between-subjects experimental design, we tested the effects of customization in mobile health apps among a convenience sample (N ¼ 203). We assessed the effects of customization on perceived active control over mobile health apps, autonomous motivation to use mobile health apps, and intention to engage in physical activity, and tested the moderating role of need for autonomy. Structural equation modelling showed that customization in mobile health apps does not increase perceived active control, autonomous motivation, or the intention to engage in physical activity. However, an interaction effect between customization and need for autonomy showed that customization in mobile health apps leads to higher intentions to engage in physical activity for those with a greater need for autonomy, but not for those with a lesser need for autonomy. The implications for theory and practice are discussed.
Introduction
Physical inactivity is a leading risk factor for global mortality, and it drastically increases people's chances of being diagnosed with life-threatening diseases, including heart disease, stroke, diabetes and cancer. [1] [2] [3] Globally, it has been estimated that one in four adults are insufficiently active. 3 Although research has shown that the majority of people intend to engage in physical activity, nearly half of them fail to act upon those intentions. 4 A growing amount of research proposes that mobile health apps could be valuable and potentially effective tools to encourage people to engage in behaviours associated with a healthy lifestyle, such as physical activity. 5, 6 As smartphones and other wearable technology such as smart watches and bracelets have become an integral part of our lives, they may be especially suitable to intervene in people's daily routines. [5] [6] [7] Based on assumptions from self-determination theory, 8 the motivational technology model 9 argues that customization in mobile health apps is expected to provide autonomy support in the sense that it enhances the user's perceived active control over the mobile app environment and thereby helps users form autonomous motivation to use mobile health apps. Customization refers to the ability to self-tailor the mediated environment -such as mobile health app content and featuresto match one's individual preferences. 9, 10 The formation of autonomous motivation, that is, when an individual experiences free choice and makes a conscious decision to do something, is important to initiate health behaviour change and maintain change in the long-term. 8 However, not all mobile apps are necessarily perceived as autonomy supportive to all individuals. Although self-determination theory suggests that everyone has a basic need for autonomy, individual differences exist in the need for autonomy regarding health-related decisions. 11, 12 Therefore, whether mobile health apps increase people's perceived active control and autonomous motivation to use mobile health apps, and subsequently help to support health behaviour change, depends not only on the affordances mobile technology can offer (e.g. customization), but also on individual differences in their need for autonomy.
Most mobile health technologies are not evidenceor theory-based, [13] [14] [15] and currently only have a small to moderate impact on health behaviour change. 16, 17 This calls for more systematic knowledge to enhance our understanding of what makes mobile health apps effective and for whom. We therefore adopted a theorybased approach using self-determination theory to examine how customization in mobile health apps and individuals' need for autonomy can help explain physical activity. More specifically, this article explores the effects of customization in mobile health apps on people's intention to engage in physical activity, examines perceived active control over and autonomous motivation to use mobile health apps as the underlying mechanisms explaining customization effects, and investigates the role of need for autonomy as a potential moderating factor of effects.
Understanding customization in mobile health apps
In mediated environments, such as in mobile health apps, a customizable interface can be modified based on explicit user input and provides information that is tailored to the user as a unique individual. 10 Customization differs from traditional tailoring in the way the personalization process occurs. Where traditional tailoring typically starts with an assessment of individual characteristics, which is then used as input for system-driven algorithms to deliver tailored content in a preplanned format, 18 customization offers the individual user a central role in the personalization process by enabling users to take active control over the content, which enhances a sense of autonomy. 9, 19 While tailoring has gained substantive attention over the past decades, especially in the field of health communication, [20] [21] [22] research into customization is still in its nascent stages. The motivational technology model has made a first attempt to explain customization effects. This model draws upon self-determination theory to understand the key psychological processes involved in the use of self-monitoring technologies, such as mobile health apps. By applying key principles of self-determination theory to online technology, such as mobile health apps, the motivational technology model argues that letting users navigate, interact, and customize their own online health experience should produce feelings of competence, relatedness, and autonomy, respectively. 9 According to self-determination theory, competence, relatedness, and autonomy are essential for one to be autonomously motivated toward a goal. 8 In humancomputer interaction research, it has been repeatedly shown that increasing the navigability of technology enhances users' feelings of competence, 23, 24 and in computer-mediated communication research, there has been a strong focus on how interactivity between individual users has an impact on feelings of relatedness in online communities. 25, 26 Yet, the effects of customization have rarely been studied. Therefore, the focus of this study will be on testing the part of the motivational technology model that involves customization. The motivational technology model links customization to self-determination theory's concept of autonomy, because having active control over online content and features and the possibility to adapt these to one's preferences may create a feeling of autonomy. In addition to perceived involvement and perceived identity, the agency model of customization introduces perceived active control as one of the key psychological mechanisms that explain the relationship between customization and outcomes. 19 Perceived active control is particularly relevant to customizable mobile health apps, as it allows users to actively control how the technology works. 27 Based on the theoretical notions of the motivational technology model and self-determination theory, we discuss how customization may ultimately lead to higher intentions to engage in physical activity.
The mediating role of perceived active control and autonomous motivation
Customizable media environments encourage users to play an active role in their interaction with digital media, creating a strong sense of active control. 19, 27 For example, studies on customization features in games, 28 web portals, 10 and avatar creation, 29 all show that regardless of what features could be customized, users reported a stronger sense of active control over their online experience than users who were not allowed to customize features. Through a feeling of active control, customization can build autonomy; according to self-determination theory, people are supposed to feel autonomous when they feel or understand the personal relevance of the task they are engaging in. 30 The motivational technology model posits that perceived active control over one's online experience results in greater autonomous motivation to engage in online technologies, which ultimately enhances intentions to perform health behaviours. 9 While presented as a theoretical model for designing digital health applications, there is currently a lack of empirical research examining the proposed relationships between customization, perceived active control, autonomous motivation to use digital health technologies, and intentions to engage in a certain health behaviour.
In related fields, such as digital gaming and exergaming (i.e., active video gaming in which physical activity is incorporated into gameplay), the role of specific design characteristics in the effectiveness of technology has already been studied more elaborately. 31 Research in these fields has demonstrated that customization features, such as the opportunity to customize one's own avatar, ultimately enhance autonomous motivation to engage in the game. 32, 33 Besides, Peng et al. 32 argue that the association between customization and autonomous motivation can be explained by the concept of perceived active control. That is, customization is assumed to create conditions that fulfil people's need for autonomy through generating an increased sense of active control over the technology at hand, which ultimately leads to a greater autonomous motivation. According to the motivational technology model, such autonomous motivation could ultimately result in behaviour change, which is often the main outcome of mobile health app research. 34 Thus, we hypothesize: H 1 : Customization (vs. non-customization) leads to increased levels of perceived active control over mobile health apps, which in turn leads to enhanced levels of autonomous motivation to use mobile health apps, which ultimately leads to higher intentions to engage in physical activity.
The moderating role of need for autonomy
Although self-determination theory suggests that everyone has a basic need for autonomy, some people prefer to choose their own path when it concerns healthrelated decisions, while others have a higher need for external control and prefer to be guided by clear-cut expert advice from professionals or peers. 11, 12 This suggests that although customization is expected to promote behaviour change through creating an autonomy-supportive environment, customization does not have to be effective for all individuals. For customization to be effective, it has to be based on a careful match between the users' needs and preferences on the one hand and customization features on the other. 30 To illustrate, two earlier studies considered the need for autonomy in the context of offline health communication and found that newsletters that were framed in an autonomy-supportive way were more effective for people with a greater need for autonomy than newsletters that were framed in a more directive manner. 11, 12 In a similar vein, customization features in mobile health apps could be more effective for people with a greater need for autonomy than for people with a lesser need for autonomy, as customization features create an autonomy-supportive environment that especially matches the needs and preferences of people with a greater need for autonomy. We thus hypothesize that:
The effect of customization (vs. noncustomization) on the intention to engage in physical activity, as mediated by perceived active control over and autonomous motivation to use mobile health apps, is moderated by the need for autonomy, such that the effects of customization are more pronounced for people with a greater need for autonomy than for people with a lesser need for autonomy.
Methods

Design and power analysis
To test the proposed model, we used a 2 (customization: present vs. absent) Â 2 (need for autonomy: lesser vs. greater) between-subjects experimental design with customization being manipulated in the experimental design and need for autonomy the quasi-experimental factor. A power analysis showed that a sample size of 179 was required to detect medium-effect sizes (statistical power ¼ . 
Stimulus material
A prototype version of a health app was developed for this study via the app prototyping platform InVision. 35 InVision allows users to create interactive user experience demonstrations for web and mobile. Some prototype design features can be made directly on the platform, such as to display content on a black versus a white smartphone, but other features, such as graphic elements, have to be developed and imported from a design program, such as Adobe Illustrator. Once the design elements are in place, one can use InVision to assign different commands to the various elements, that is, when clicking on a certain place on the screen the user will be guided to a new screen within the same prototype. At the time of the study, the service cost $15 USD a month for up to three prototypes. The app prototype developed for this research took 2 weeks to test and finalize. The platform was easy to use without any prior coding or user design knowledge.
The app entailed a workout app with seven different features, which were based on a recent review on effective health app features, 16 and two existing popular workout apps (i.e. Runkeeper and 7 Minute Workout). More specifically, the app included selfmonitoring (i.e. statistics), feedback (i.e. voice guide and advice), and social network (i.e. share) features as proposed by Zhao et al., 16 as well as GPS, notifications, and workout features as incorporated by Runkeeper and 7 Minute Workout apps. Tapping or clicking on the different features in the home screen led participants to the separate app-feature screens. Figure  1 visualizes two screens of the prototype app.
The home screen consisted of an overview of the seven features. In both conditions, participants were able to click on the features, which directed them to separate screens about each specific feature. In the customization condition, participants were able to add each of these features to their personal dashboard using an 'add button', which was visible on each of the separate app-feature screens. After 'adding' a feature, participants were directed back to the home screen, where they could continue browsing the features and add additional features to their personal dashboard. In the control condition, participants were only able to browse the features and they did not have the option to add features to their personal dashboard. To keep the customization and control condition as identical as possible, participants in the customization condition were not able to review their personal dashboard based on the features they added.
Participants and procedure
Participants were invited to take part through social media networks, emailing, and snowballing. The recruitment message contained a link to the online questionnaire. The questionnaire included questions on the personal background of participants (e.g. age, gender, education, personal interest in health) and questions regarding their need for autonomy. After those questions, participants were randomly assigned to either the customization or control condition, and were instructed to engage in a demonstration health app that was part of the online survey. The questionnaire and stimulus materials were presented in English. Participants were free to complete the survey on their laptop, smartphone or tablet. In addition, participants in the customization condition were instructed on how to use the add button within the prototype app. After engaging with the health app, participants were asked about their perceptions of the health app (e.g. perceived active control over and autonomous motivation to engage in health apps), and their intentions to engage in physical activity in the near future. A manipulation check assessed whether participants took note of the customization manipulation as intended. Furthermore, the online questionnaire recorded from which operating system participants completed the survey, informing us whether participants did so on a laptop, smartphone or tablet. All participants provided informed consent through the online questionnaire.
Measures
Intention to engage in physical activity. Intention to engage in physical activity was measured by asking the participants to indicate, on two 7-point semantic differential scales, to what degree they intended to engage in physical activity (e.g. walking, moving, biking, swimming, exercising, etc.) for at least 30 min 5 times a week for the next 3 months (1 ¼ 'very likely' to 7 ¼ 'very unlikely', and 1 ¼ 'strongly disagree' to 7 ¼ 'strongly agree'). 36 A mean scale was created by averaging the items, where higher scores indicated stronger intentions to engage in physical activity (M ¼ 5.02, standard deviation (SD) ¼ 1.57, range ¼ 1.00-7.00; a ¼ .78; r ¼ .65).
Perceived active control. Perceived active control over the app was measured by the perceived active control subscale from the Interactivity Scale used by Voorveld, Neijens and Smit, 37 replacing 'website' with 'app' in all items. Items included 'I feel that I had a great deal of control over my visiting experience in this app', which were measured on a 7-point scale ranging from 1 ¼ 'strongly disagree' to 7 ¼ 'strongly agree'. The four items were averaged, and higher scores indicated that participants perceived more active control over the app
Autonomous motivation. Autonomous motivation to use health apps was measured by adapting four items on intrinsic motivation in physical education. 38 Items included 'Using health-related smartphone apps is fun', and were rated on a 7-point Likert scale ranging from 1 'strongly disagree' to 7 'strongly agree'. Items were averaged into a mean scale where higher scores indicated higher levels of autonomous motivation (M ¼ 4.97, SD ¼ 1.29, range ¼ 1.00-7.00; a ¼ .90).
Need for autonomy. Need for autonomy was assessed with the Health Causality Orientations Scale, 39 which was developed based on the General Causality Orientation Scale, 40 and adjusted to a health context. The scale consisted of five scenarios (e.g. You have been advised that setting goals is a good way to motivate yourself to change your health behaviours. How likely are you to set your own goals?), and participants were asked to give their opinion on a 7-point Likert scale (1 ¼ 'very unlikely' to 7 ¼ 'very likely'). The five scenarios were averaged into a mean scale, where higher scores indicated higher levels of need for autonomy (M ¼ 5.72, SD ¼ 0.75, range ¼ 3.40-7.00; a ¼ .64). Since the range and mean suggested moderately negative skewness of the need for autonomy scale, a median split was performed to create two comparably sized groups of people with relatively lower (range ¼ 3.40-5.80, n ¼ 112, 55.2%) and higher (range ¼ 6.00-7.00, n ¼ 91, 44.8%) need for autonomy. (An overview of all measurement items can be found in the supplemental material.)
Background characteristics. We measured participants' age, gender, level of education, nationality, and general interest in their personal health. For education, participants were asked to indicate whether they attained less than a high school graduate degree, a high school graduate degree, a bachelor's degree in college, a master's degree, or a doctoral degree. Participants' interest in personal health was assessed by asking: 'How interested are you in your personal health?', to be rated on a 7-point scale (1 ¼ 'not at all', 7 ¼ 'very much'). Higher scores indicated higher levels of interest in personal health.
Manipulation check. To test the manipulation of the independent variable, we asked participants whether or not they perceived the app as giving room for customization on a 7-point scale (1 ¼ 'not at all', 7 ¼ 'very much'): 'When using the app, did you feel that you had the opportunity to customize the app (make potential changes to the app yourself)?'
Statistical analysis
Means (M), Standard deviations (SD), and Pearson correlations for all variables are reported in Table 1 .
To test for successful manipulation, an independent sample t-test was conducted. The hypothesized model was tested with a structural equation model (SEM) using AMOS version 22. To maintain sufficient statistical power to test the hypothesized model and decrease the likelihood of falsely accepting the null hypothesis, we did not include any of the background variables (i.e. age, gender, education level, health interest) in the analyses. All variables were standardized using z-scores. Model fit was assessed with chi-square (v 2 ), the root mean squared error of approximation (RMSEA), the minimum discrepancy divided by its degrees of freedom (CMIN/DF), the standardized root mean square residual (SRMR), the Tucker-Lewis Index (TLI), and the Comparative Fit Index (CFI). To test the indirect effects, we used 5000 bootstrap samples with a 95% bias-corrected confidence interval (CI). 41, 42 To present the mean scores for the customization and noncustomization conditions divided by the level of need for autonomy, three 2-way analyses of variance (ANOVAs) were performed with customization and need for autonomy as independent variables and perceived activity control, autonomous motivation, and intention to engage in physical activity as dependent variables. Simple effects analyses with the Bonferroni correction were performed in case of significant interaction effects.
Results
Participants
In total, 306 people started the survey, of which 203 fully completed it (66.3%). We collected responses from participants residing in 31 different countries. The majority of participants resided in the Netherlands (n ¼ 72, 35 .5%) or Norway (n ¼ 55, 27.1%). Participants were on average 32.17 years old (SD ¼ 12.37, range ¼ 19-69), and 69.5% of participants were female (n ¼ 141). The majority of our participants had attained higher levels of education, such as a bachelor's degree (n ¼ 119, 58.6%), a master's degree (n ¼ 60, 29.6%), or a doctoral degree (n ¼ 4, 2.0%), and a minority had attained lower levels of education, including high school graduate degree (n ¼ 17, 8.4%) or less than high school graduate degree (n ¼ 3, 1.5%). Generally, participants were interested in their personal health (M ¼ 5.91, SD ¼ 1.17, range ¼ 2.00-7.00). For 48 participants (23.6%), the online survey program was -for unknown reasons -unable to successfully record from which operating system the survey was completed. Of the participants whose operating system was recorded (n ¼ 155, 76.4%), most completed the survey on a computer (n ¼ 119, 76.8%), some on a smartphone (n ¼ 33, 21.3%), and a minority on a tablet (n ¼ 3, 1.9%).
Manipulation check
A manipulation check revealed that participants in the customization condition reported significantly higher levels of perceived customization in the health app (M ¼ 4.83, SD ¼ 1.53) than those in the noncustomization condition (M ¼ 3.44, SD ¼ 1.63), t (201) ¼ À6.25, p < .001, d ¼ 0.85, 95% CI [À1.82, À0.95]. The manipulation can thus be considered successful.
Model testing
Based on the model fit criteria, 43, 44 our hypothesized model showed a very good fit to the data: v 2 (4) ¼ 1.05, p ¼ .902, CMIN/DF ¼ 0.263, TLI ¼ 1.505, CFI ¼ 1.000, RMSEA ¼ .000, SRMR ¼ .016. Figure 2 shows the standardized path coefficients and statistical significance for individual pathways in the model; the measured/observed and latent variables are denoted with rectangles and circles, respectively.
We hypothesized that customization (vs. noncustomization) would lead to increased levels of perceived active control over mobile health apps, which in turn would lead to enhanced levels of autonomous motivation to use mobile health apps, which would ultimately lead to higher intentions to engage in physical activity (H 1 ). Compared with the non-customizable app, the customized app did not significantly increase participants' perceived active control (b ¼ À.05, p ¼ .492). Therefore, despite the positive significant correlations between perceived active control and autonomous motivation (b ¼ .22, p ¼ .001), and between autonomous motivation and the intention to engage in physical activity (b ¼ .21, p ¼ .001), our data did not support the hypothesized indirect serial mediation effect of customization on the intention to engage in physical activity through perceived active control over and autonomous motivation to use mobile health apps (b ¼ À.002, 95% CI [À0.01, 0.004], p ¼ .267). We therefore reject H 1 . H 2 predicted that the effect of customization (vs. non-customization) on the intention to engage in physical activity, as mediated by perceived active control over and autonomous motivation to use mobile health apps, would be moderated by the need for autonomy. Therefore, it was expected that the effects of customization would be more pronounced for people with a greater need for autonomy than for people with a lesser need for autonomy. Although the data did not reveal the proposed moderated mediation effect (see Figure 2 ), a two-way ANOVA showed a significant interaction effect between customization and need for autonomy on the intention to engage in physical activity, F(1, 199) ¼ 4.06, p ¼ .045, g 2 ¼ .02. Simple effects analysis showed that in the customization condition, participants with a greater need for autonomy reported significantly higher intentions to engage in physical activity (M ¼ 5.66, SD ¼ 1.66) than those with a lesser need for autonomy (M ¼ 4.50, SD ¼ 1.62), F(1, 199) ¼ 14.13, p < .001, g 2 ¼ .07. In the non-customizable app condition, on the other hand, no significant differences in the intention to engage in physical activity were revealed between participants with a greater (M ¼ 5.19, SD ¼ 1.42) versus a lesser need for autonomy (M ¼ 4.89, SD ¼ 1.39), F(1, 199) ¼ 0.96, p ¼ .327, g 2 ¼ .00. Although not mediated, this moderation effect provides partial support for H 2 by demonstrating that the effect of customization on the intention to engage in physical activity is significantly stronger for people with a greater need for autonomy than for people with a lesser need for autonomy. The descriptive statistics for the simple effects analysis are presented in Table 2 .
Discussion
By adopting a theory-based approach, this article aimed to enhance our understanding of how and for whom mobile health technology could be an effective tool to increase physical activity. It has been suggested that mobile health apps can provide autonomy support when people are making health-related decisions, and could thus be effective tools for fostering autonomous motivation and health behaviour change. [45] [46] [47] Based on assumptions derived from self-determination theory and the motivational technology model, we examined whether a customization feature within a mobile health app, via mechanisms of perceived active control over and autonomous motivation to use mobile health apps, could create such an autonomy-supportive environment to increase people's intention to engage in physical activity. Moreover, we tested whether the effects of customization hold for all types of individuals in terms of their need for autonomy. Our results showed that individual differences in need for autonomy may influence the effectiveness of autonomy-supportive tools and features, such as mobile health apps and customization.
The first important finding of our study was that need for autonomy may help explain the conditions under which customizable health tools could be effective. Although customization did not necessarily lead to higher intentions to engage in physical activity for all individuals, it did for people with a greater need for autonomy. This extends the notion that individual differences are important considerations when it comes to health-related need for autonomy; our study showed that these individual differences may have an impact on the effectiveness of health technologies, such as mobile health apps. Scarce previous research has centred on the moderating effect of need for autonomy in the context of health, mainly focusing on the way in which health information was framed (i.e. autonomy-supportive vs. directive frame). 11, 12 This study not only adds to the limited knowledge about the prevalence and impact of the health-related need for autonomy, but also extends this knowledge to a mobile health app setting, demonstrating that mobile health app features, such as customization, can differently impact behavioural intentions dependent on individuals' need for autonomy.
The second finding we would like to highlight is that despite the absent relationship between customization and the proposed underlying mechanisms of behavioural intention (i.e. perceived active control over and autonomous motivation to use mobile health apps), we found significant relationships between the proposed serial mediators and the intention to engage in physical activity. It therefore seems that if a mobile health app is able to trigger these underlying mechanisms (i.e. perceived active control and autonomous motivation), it could affect health outcomes, such as physical activity, through increased intention. However, our manipulation of customization did not lead to increased perceived active control over the study's mobile health app, and thus not to the desired increase in intention. It is possible that our way of realizing customization did not create a strong sense of perceived active control over the mobile health app. Instead, it is plausible that the effect of customization on intention to engage in physical activity among participants with a greater need for autonomy could be explained by other underlying processes that have been identified in tailoring literature, such as increased attention to the app content or increased perceived personal relevance. 20, 48 The elaboration likelihood model of persuasion 49 explains that the degree of perceived personal relevance of information increases one's motivation to elaborate on this. Accordingly, it could be that participants with a greater need for autonomy perceived the customizable app as more personally relevant, which increased their motivation to use the app content and features more elaborately. Note: Means (with standard deviations within parentheses) and F-statistics are presented for the 2 (customization: present vs. absent) Â 2 (need for autonomy: lesser vs. greater) design. Mean scores within the customization condition significantly differ between those with a greater and lesser need for autonomy. All dependent variables were measured on a 7-point scale with higher scores indicating higher perceived active control over the health app, autonomous motivation to use health apps, and intention to engage in physical activity. Eta-squared indicates the effect size of the interaction between condition and need for autonomy using the following designations: .10 ¼ small, .25 ¼ medium, .40 ¼ large. PA ¼ physical activity. ***p < .001.
Furthermore, our findings present important implications for theory and practice. For theory, our results help unpack the mechanisms that are (not) at work in explaining customization effects. From a theoretical perspective, 8, 9 it is anticipated that creating autonomy-supportive environments through customization could enhance perceived active control over and autonomous motivation to use mobile health apps, and ultimately lead to behaviour change. Our findings, however, show that customization in the form of an add button in mobile health apps does not necessarily trigger mechanisms of perceived active control over mobile health apps. This finding calls for investment in research that identifies and tests the effectiveness of different types of customization features. Moreover, it should be noted that this study only focused on customization as a way of enhancing autonomous motivation and behavioural intentions. The motivational technology model also suggests considering ways to improve the navigability and interactivity of technology to elicit feelings of competence and relatedness, respectively, which also contribute to enhancing autonomous motivation. 9 In a similar vein, the agency model of customization also suggests looking at perceived involvement and perceived identity as explanatory mechanisms of customization effects. 19, 27 Both extending and deepening our theoretical and empirical knowledge could enhance our understanding of how best to create online environments that actually lead to health behaviour change.
Moreover, we demonstrated the importance of considering individual differences when designing mobile health apps, as various app features might not be equally effective for all individuals. This finding strengthens the idea of tailoring content and features of mobile health apps based on people's need for autonomy. 39 One way to cater to people's varying need for autonomy would be to offer a customization feature in mobile health apps that is content-tailored by default. For example, such apps could start with a basic assessment of personal characteristics (e.g. age, weight, height) and preferences (e.g. frequency of receiving notifications, targeted goals), on the basis of which the app could provide tailored information to the individual user. 18 Such tailored information is expected to benefit a variety of (health-related) outcomes because it provides personally relevant feedback. 20, 21, 50 Based on the findings of our study, future mobile health apps may benefit from adding customization features to ensure that -especially for those with a greater need for autonomy -users can exert active control over changing certain information elements. Mobile health apps could easily apply such tailoring strategies, making it an especially interesting tool to offer personalized health information to a wide variety of individuals.
Limitations and future research directions
This study has some limitations that need to be addressed. First, although participants in the customization condition experienced higher levels of perceived customization than participants in the noncustomization condition, the perceived level of customization in the customization condition was still relatively low. Customization in this study was realized by including an add button in the mobile health app, which created the perception that participants could actually add workout options to their personal plan. As there was no personal plan to be reviewed in the study's mobile health app (because it was a prototype), we could speculate that this relatively weak 'dose' of customization may not have been sufficient to elicit the intended effects, such as enhanced perceived active control over mobile health apps. Future research could focus on measuring engagement with the various features within customizable versus non-customizable mobile health apps to further our understanding of how people use customization features and mobile health apps in general. Such insights may shed light on when and how customization can be effective in mobile health apps.
Further research could also focus on how to effectively engage those with a lesser need for autonomy. Earlier research has, for example, shown that more directive communication styles could be especially effective for people with a lesser need for autonomy. 11, 12 In addition, mobile health apps developed especially for these people could also use more explicit personalization strategies and, for instance, provide users with app content that is data-driven instead of providing them with customization features that require more active user involvement. 51 Second, our finding that those with a greater need for autonomy display different levels of intention to engage in physical activity than those with a lesser need for autonomy should be interpreted with caution. Despite it being common in related research, 52 the use of a median split to analyze the effect of need for autonomy might have led to a loss of information when interpreting the results. Although participants on either side of the median split were quite homogenous due to the relatively small range in need for autonomy overall, we treated people with different scores as if they were the same. Moreover, earlier research has shown the complex patterns of interaction between the health-related need for autonomy and the need for external control. 11, 12, 39 The distinction between those with a greater and lesser need for autonomy could be an oversimplified view of people's need for autonomy, as it ignores people's potentially co-existing need for external control, that is, the need for guidance from others such as peers and experts. In fact, the need for autonomy and need for external control could be context-dependent, such that a person wishes to actively choose how to change health behaviours in one situation (e.g. when adopting a new diet), whereas that same person wishes to receive clear-cut expert advice in other situations (e.g. when being diagnosed with a chronic disease). This context-dependency might be worth considering in future research efforts.
Another future research direction could be to longitudinally validate our findings, and thus the motivational technology model. As the data presented are of cross-sectional nature, we cannot claim that there are causal relationships between perceived active control, autonomous motivation to use mobile health apps, and the intention to engage in health-related behaviours. To validate the claim that perceived active control and autonomous motivation to use health-related technology drive the intention to engage in healthrelated behaviours, longitudinal research is needed to predict the intention to engage in physical activity. Furthermore, future research could focus on extending our findings beyond behavioural intentions to health behaviour outcomes, and to more ecologically valid settings. Most people have positive intentions to engage in physical activity, but many of those people fail to act upon their intentions. 4 It is therefore crucial to assess the impact of mobile health interventions on behavioural outcomes in addition to behavioural intentions, to overcome the intention-behaviour gap and extend our knowledge on the effectiveness of mobile health apps in changing actual health behaviours. Another area of research that may need attention is the generalizability of mobile health app research to real-world contexts. Although using a prototype provided the precise experimental control needed to examine the effects of customization, a next step would be to test whether such effects hold for real mobile health apps.
Conclusions
This study investigated the effects of customization in mobile health apps and the role of need for autonomy in explaining its effectiveness. The results showed that when people with a greater need for autonomy had the opportunity to customize a health app, they reported higher intentions to engage in physical activity than when they did not have this opportunity. This effect was not found for those with a lesser need for autonomy. Our study provides relevant implications for health app design and health communication at large by suggesting that differences in need for autonomy may need to be considered to optimize the impact of mobile health communication efforts. As mobile apps are increasing in popularity and functionality, effective mobile health solutions may advance healthier lifestyles.
